INTRODUCTION
African yam bean, Sphenostylis stenocarpa (Hochst Ex A. Rich) Harms belongs to the family Fabaceae (Syn. Leguminosae) and classified under the sub-family Papilionoideae (Heywood, 1971) . African yam bean is widely distributed and found growing wild or cultivated throughout the west of tropical Africa (Zohary, 1972; Okigbo, 1973; Anonymous, 1979) . The reported food values for total seed protein content varied from 19.5 to 29% on a dry weight basis. Value similar to these was reported for cowpea (Vigna unguiculata (L.) Walp; 24%), but low compared to those of winged bean *Corresponding author. E-mail: christopher.onyeke@unn.edu.ng or onyekechris@yahoo.com. Tel: +2348039306185.
(Psophocarpus tetragonolobus (L.) D.C.; 32.8%) and soybean (Glycine max (L.) Merril; 35.1%) (Duke, 1981) . Uguru and Madukaife (2001) reported a crude protein range of 18.1 to 25.8% for African yam bean, which compares well with 16.9 to 25.4%, 21.2 to 22.5% and 24.4 to 28.0% for Bambara groundnut, pigeon pea and cowpea, respectively. African yam bean has also been rated as equal or superior to pigeon pea and cowpea in methionine and lysine content (Uguru and Madukaife, 2001; Ene-Obong, 2008) . It contains about 50% carbohydrate and 5 to 6% fibre (Anonymous, 1979; Enwere, 1998) . In addition, a highly insecticidal substance, lectin, has been isolated from African yam bean seed and this could be utilized in future for gene cloning with the aim of imparting pest resistance to plants (Omitogun, et al., 1999) . Although, African yam bean is cited in the list of 400 under-exploited tropical legumes (Rachie and Roberts, 1974; Anonymous, 1979) , it has attracted research interest in recent times because of its nutrient composition (Nwokolo, 1987; Edem et al., 1990; Uguru and Madukaife, 2001) . In fact, given the nutritional status of S. stenocarpa, it has the potential of replacing animal proteins in the diets of many poor Africans who cannot afford the exorbitant cost of proteins from animals.
In addition to the nutritional potentials of African yam bean it is wise to depend on a broader range of plant species as against a few major staple crops to ensure agro-biodiversity and food security (Naylor et al., 2004) . African yam bean is a legume and its production has been reported to be adversely hampered by plant parasitic root-knot nematodes, Meloidogyne spp. (J. Eze, Nsukka, Nigeria, personal communication). The root-knot nematodes have been implicated in disease, yield reduction and failures in crops (Bridge, 1972; Amosu, 1974; Ogunfowora, 1977; Olowe, 1981) . Yield losses of 33.83 and 40.07% in pea and grains, respectively have been reported and attributed to root-knot nematode, Meloidogyne incognita (Sasser, 1989 ). An estimated 40% yield reduction in tomato, garden egg, soybean, cucumber and melon heavily infested with root-knot nematodes in northern Nigeria have also been reported (Bridge, 1972) . Hence, some measures aimed at reducing the adverse effects of root knot nematodes in host plants have been adopted by many researchers (Singh and Sitaramaaiah, 1970; Asmus and Ferraz, 1988; Sterling, 1991; Akhtar and Alam, 1993) . but the use of host resistance/tolerance-strategy remains cheapest, easiest in application and safest environmentally (Olowe, 2009) . Afolami and Orisajo (2003) reported five varieties of rice that are tolerant to M. incognita infection. Ogaraku and Akueshi (2005b) reported that four cowpea cultivars (IT89KD-288, IT91K-118-20, Tvnu 72 and IT845-2246) are resistant to both M. javanica and M. incognita infections. In addition, Mbah et al. (2006) reported tomato varieties, VF Roma and UC-82-B, to be resistant to M. incognita infection in southeastern Nigeria. The present study was carried out to assess the pathogenicity of M. incognita on 12 African yam bean accessions and the host status of the various accessions to M. incognita infection.
MATERIALS AND METHODS

Germplasm collection
A total of 12 African yam bean accessions were collected for this study. Ten accessions (TSS 56; TSS 22; TSS 7; TSS 10; TSS 11; TSS 112; TSS 63; TSS 4; TSS 5 and TSS 3) were collected from the collections of the International Institute for Tropical Agriculture (IITA), Ibadan, Nigeria. The other two accessions were collected from two African yam bean producing localities. They included Ugbokolo in Benue State and Eha-Amufu in Enugu State, Nigeria.
Screen house experiment
Top garden soil collected from fallow land was mixed with well-dried pig manure at a ratio of 4:1 by volume according to a modified method of Ene-Obong and Okoye (1992) . The soil-manure mixture was sterilized by heating in a large drum to a temperature of 100°C for 3 h and later air-dried for 4 weeks before the experiment to avoid any possible side effects of heating (Anderson and Ingram, 1989) . The physical and chemical properties of the soil were determined according to standard methods (IITA, 1989) . The textural class of the soil was loamy (56% coarse sand, 23% fine sand, 15% silt, 6% clay) pH (in H20) 6.3, pH (in KCl) 5.6, OM 3.98%, OC 2.31%, BS 90.87%, N 0.0654%, CEC 10.4%, Na 0.1, K 0.15, Ca 7.2, Mg 2.0, exchangeable acidity 1.0 and P (in ppm) 47.76. Plastic planting buckets (5 L capacity) were filled with the heat-sterilized soil-manure mixture, after which seeds of each of the 12 African yam bean accessions were planted and replicated six times. The buckets were arranged in a completely randomized design (CRD) at the Department of Botany Screen House, University of Nigeria, Nsukka (Latitude 06° 86 ′ 39.6 " N, Longitude 007° 41 ′ 20.4 " E and altitude 433 m above sea level). Four weeks after planting (WAP), plastic buckets containing African yam bean seedlings were inoculated with suspension containing 4,000 eggs of M. incognita. The suspension was poured into a shallow trench created around the base of seedlings and covered immediately with top soil (Goswami and Chenulu, 1974; Hussey and Boerma, 1981) . The buckets containing seedlings in six replications but without root-knot nematode (RKN) inoculum served as the controls. At the onset of flowering, six plants per accession were selected and used for the determination of the following parameters: number of leaves/plant, number of branches on main vine/plant, fresh shoot weight/plant, dry shoot weight/plant, fresh root weight/plant, dry root weight/plant, days to 50% flowering and number of galls/plant, number of nodules/plant, number of branches/plant and number of unfilled pods/plant. At maturity, pod length/plant, number of pods/plant, seed yield/plant, number of seeds/pod, 100-seed weight/plant, number of nematodes in roots/plant, number of M. incognita eggs/root system, number of M. incognita juveniles per 500 g rhizosphere soil/plant and number of galls/plant were determined. Data collected were subjected to statistical analyses using Genstat for windows, version 3.2. Treatment means were separated using least significant difference (LSD) at P=0.05.
Identification of root-knot nematode
To identify the Meloidogyne sp., 10 to 20 single galls containing mature females from the African yam bean field were teased to remove adult females under a dissecting microscope (Southey, 1970) . The adult females were used for the preparation of the perineal patterns for the identification of the species of root-knot nematode according to the procedures described by Hartman and Sasser (1985) . The Meloidogyne sp. was identified by comparing the perineal patterns with those described by Eisenback et al. (1981) .
Maintenance and population build-up of M. incognita inoculum
Pure culture of M. incognita was maintained in susceptible African yam bean accession (TSS 112) planted in heat-sterilized garden soil. The plants were watered as and when due for about eight weeks to allow for reasonable nematode reproduction.
Extraction of nematode eggs used for inoculation from galled roots.
The galled roots of the African yam bean were carefully uprooted, washed free of soil and cut into 1 to 2 cm segments. The eggs were extracted from the galls using the NaOCl-extraction method (Barker, 1985) . The cut galls were placed in 200 ml of 1.0% NaOCl solution, covered and shaken vigorously for 4 min. The NaOCl solution containing the galled segments was immediately poured through a 200-mesh (75-µM) sieve and nested over a 500-mesh sieve to collect the freed eggs. The 500-mesh sieve containing the eggs was placed under a stream of cold water to wash off residual NaOCl from the eggs. The remaining roots were rinsed with water to remove additional eggs that were also collected by sieving. The extracted eggs collected on the 500-mesh sieve were washed into a graduated beaker and the volume made up to 1,000 ml with chlorine-free tap water. The egg suspension was stirred for even distribution with a magnetic stirrer. Five aliquots of 1 ml each of the egg suspension were pipetted into a counting dish and the number of eggs counted under a stereo-microscope. The egg suspension was regulated such that 1 ml contained 200 eggs.
Nematode inoculation
An estimated total of 4,000 eggs of M. incognita were used as the standard inoculum strength for all the experiments. Since 1 ml of egg suspension contained 200 eggs of M. incognita, 20 ml would contain 4,000 eggs. Hence, 20 ml of the egg suspension was poured into a shallow trench created around the root tips of each of the test plants (Hussey and Boerma, 1981) and covered immediately with top soil (Goswami and Chenulu, 1974) .
Extraction of nematode juveniles from rhizosphere soil
Soil samples (500 g each) were collected from the rhizosphere of Meloidogyne-infected plants with polyethylene bags. Samples were immediately taken to the laboratory for subsequent extraction and counting of M. incognita juveniles present. The method of extraction adopted here was the modified Baermann funnel method of Flegg and Hooper (1970) . A glass funnel was placed on a retort stand and plastic mesh was shaped to fit inside the top of the funnel and held tightly with a rubber band. Rubber tubing was attached to the stem of the funnel and the tip closed with a pinch clamp. The funnel was filled with water to the level of the plastic mesh. Air bubbles were avoided by slightly opening the pinch and allowing some water to drop. Cotton wool layer was placed on the mesh and water was added to bring the level just above the cotton wool. The soil sample was placed on top of the cotton wool. The funnel was left undisturbed for 48 h, after which the nematode juveniles that have settled in the rubber tubing were collected by slightly opening the pinch clamp and allowing 10 to 30 ml of water to collect into a 100 ml beaker. The juvenile suspension was homogenized using a magnetic stirrer and the estimated number of juveniles per kilogram soil was made from the average of four counts.
Estimation of number of nematode eggs, juveniles and females in roots
The method of estimation used here is similar to that of Siddiqui et al. (2001) . One gram sub-sample of galled root was macerated for 30 to 40 s in a Waring blender and counting was done using the suspension obtained. The total numbers of nematodes present in the roots were calculated by multiplying the number of nematodes present in 1 g of root by the total weight of root.
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RESULTS
Results on the effects of M. incognita infection on growth parameters of 12 African yam bean accessions showed significant differences (P≤0.05) between M. incognitainfected accessions and the uninfected controls in most of the accessions (Table 1) . The growth parameters also differed significantly (P≤0.05) among the different accessions. Generally, growth parameters were higher in the non-infected controls when compared with the nematode-infected accessions except for the dry root and fresh root weights. Seed yield was negatively correlated with dry root (r = -0.054) and fresh root (r = -0.134) weights (Table 3) .
Results on the effects of M. incognita-infection on yield and yield parameters of 12 African yam bean accessions showed significant differences (P≤0.05) between M. incognita-infected and the uninfected controls in some of the accessions (Table 2 ). However, there was no significant difference (P≤0.05) between the infected and uninfected controls in seed yield and days to 50% flowering for the tolerant accessions (TSS 63, EhaAmufu, TSS 56 and Ugbokolo). Also, yield and yield parameters differed significantly (P≤0.05) among the different accessions. The least percentage yield losses of 0.26, 0.21, 2.43 and 0.46 as a result of M. incognitainfection were produced by the tolerant accessions, TSS 63, Eha-Amufu, TSS 56 and Ugbokolo, respectively. Conversely, the highest percentage yield losses of 65.3, 74.3, 47.3, 42.0, 47.2, 56.5, 42.9 and 62.3 were recorded by the susceptible accessions, TSS 3, TSS 4, TSS 22, TSS 5, TSS 10, TSS 11, TSS 112 and TSS 7, respectively. Seed yield was positively correlated with pod length (r = 0.590, P≤0.01), number of pods (r = 0.577, P≤0.01), 100-seed weight (r = 0.400, P≤0.01), number of nodules (r = 0.537, P≤0.01) and number of seeds (r = 0.577, P≤0.01). However, number of unfilled pods (r = -0.162) and days to 50% flowering (r = -0.298) were negatively correlated with seed yield (Table 3) . The host status of the 12 African yam bean accessions is shown in Table 4 . Results indicated that four accessions, TSS 63, Eha-Amufu, TSS 56 and Ugbokolo, were tolerant as they did not suffer any significant (P≤0.05) yield loss from nematode infection. These tolerant accessions also recorded the least gall indices and reproduction factors. The rest of the accessions, TSS 3, TSS 4, TSS 22, TSS 5, TSS 10, TSS 11, TSS 112 and TSS 7, were categorized as susceptible as they recorded significant (P≤0.05) yield loss as a result of nematode infection. They also presented the highest gall indices and reproduction factors. In addition, TSS 4 and 5 in the control experiments were the highest-yielding accession, although their susceptibility to nematode-infection was very high (Tables 3 and 4) .
DISCUSSION
Results obtained from this study showed that M. 24.0 ± 0.8 7.5 ± 1.9 8.5 ± 0.1 34.7 ± 1.6 44.1 ± 3.0 32.5 ± 1.2 15.0 ± 1.6 96.7 ± 0.5 TSS 11 Control 25.1 ± 2.8 5.7 ± 3.5 24.6 ± 2.4 26.7 ± 1.6 99.8 ± 0.8 49.8 ± 2.5 15.1 ± 1.5 96.3 ± 3.0 Infected 21.9 ± 0.5 14.0 ± 9.9 11.8 ± 0.8 25.1 ± 1.6 43.4 ± 2.3 22.8 ± 6.6 14.7 ± 0.8 102.7 ± 2.4 TSS 112 Control 23.7 ± 2.4 9.7 ± 4.5 23.8 ± 2.4 29.6 ± 1.9 95.8 ± 0.7 34.0 ± 5.8 13.6 ± 1.5 100.7 ± 1.8 Infected 22.2 ± 0.5 18.5 ± 7.0 11.8 ± 2.4 23.1 ± 1.6 37.6 ± 2.4 11.0 ± 2.9 13.9 ± 1.6 104.0 ± 2.9 UGBOKOLO Control 30.0 ± 5.9 6.0 ± 2.1 12.0 ± 0.8 42.4 ± 1.5 87.0 ± 0.8 31.3 ± 2.6 17.1 ± 1.6 99.0 ± 2. incognita-infection caused significant (P≤0.05) reduction in almost all growth and yield parameters of the African yam bean. These results were similar to the findings of Ogbuji and Ezekwesili (1976) , Nwanguma and Fawole (1998) and Ogaraku and Akueshi (2005b) . The reduction in number of branches, number of leaves, number of nodules, pod length, shoot weight, main vine length, number of pods, 100-seed weight and number of seeds in Meloidogyne-infected plants, contributed immensely to the observed reduction in seed yield. An estimated yield loss of between 5.2 and 59.1% in rice (Afolami and Orisajo, 2003) ; and between 20 and 49% in cowpea (Ogaraku and Akueshi, 2005b) have been reported as a result of Meloidogyne spp. infection. Root-knot nematodes are known to interfere with carbon dioxide assimilation and the partitioning and translocation of photo-assimilates (Melakeberhan and Webster, 1993) . The total amount of carbon dioxide available for assimilation is reduced grossly in Meloidogyne-infected plant and this diminishes photosynthesis which ultimately results in decreased biomass and crop yield (Loveys and Taylor and Sasser, 1978) : 1 = 1 to 2 galls; 2 = 3 to10 galls; 3 = 11 to 30 galls; 4 = 31 to 100 galls; 5 = > 100 galls. R = Nematode reproduction factor (after Oostenbrink, 1966) : R = Pf/Pi, where Pf is the estimated final population of RKN in both soil and roots (juveniles and eggs in roots + juveniles in soil), Pi is the initial standard inoculum of 4,000 eggs). *= Statistically significant yield difference (P≤0.05); -= yield loss over control. Host status rating after Afolami (2000): Resistant means R ≤ 1, GI ≤ 2 (no significant yield loss). Tolerant means R > 1, GI > 2 (no significant yield loss); susceptible means R > 1, GI > 2 (significant yield loss); hyper-susceptible means R > 1, GI > 2 (significant yield loss). LSD (0.05) for comparing accession means x health condition means interaction = 3.71. , 1973; Melakeberhan and Ferris, 1989; Melakeberhan et al., 1990) .
Bird
The noticeable yellowing (chlorosis) of leaflets ( Figure  1 ) and stunted growth in M. incognita-infected plants could be attributed to decreased leaf nitrogen, chlorophyll and potassium concentration with subsequent decreases in photosynthetic ability of the host plants (Melakeberhan et al., 1986 (Melakeberhan et al., , 1987 . Decreases in potassium concentration is particularly important because of its effect on photosynthesis, either by affecting carbon dioxide uptake or by altering other key physiological processes such as osmotic potential. Deformations and damages done to roots of host plants by root-knot nematodes can lead to reduced absorption of nutrients and impair nutrient availability in infected host plants (Price and Sanderson, 1984; Rawthorne and Hague, 1986) . The observed significant reduction in the number of nodules in M. incognita-infected plants could be another explanation for the significant reduction in seed yield since nodules harbor nitrogen-fixing bacteria in legumes. The total inhibition of nodulation by cyst-nematodes has also been reported in soybean (Huang and Barker, 1983) . The presence of nematodes in the rhizosphere soil can lead to competition for space and a reduction in root hairs through which infection by nitrogen-fixing bacteria can take place (Epps and Chambers, 1962; Malek and Jenkins, 1964) . Huang et al. (1984) reported that nematodes interfere with soybean lectin metabolism, thereby leading to a reduction in the rate of binding of rhizobia to Heterodera glycine-infected soybean roots. These phenomena subsequently suppressed the formation of nodules and perhaps yield.
Furthermore, the prolongation of the transition from vegetative growth phase to reproductive phase (flowering) in most of the African yam bean accessions could be attributed to the presence of nematodes in the roots, which disrupted the physiological activities of root xylem and phloem. Impaired supplies of nitrogen, phosphorus and potassium in plants have been reported to cause delayed flowering and flower abortion (Takahashi et al., 1973; Besford and Maw, 1975) . Higher root weights in M. incognita-infected African yam bean compared with the uninoculated control could be as a result of giant cell formation which led to root galling. This result was similar to the findings of Ononuju and Fawole (2000) , Afolami and Orisajo (2003) and Ogaraku and Chhangani (2010) . Giant cell formation is triggered-off by enzymatic secretions from root-knot nematodes in host plants, which induce re-differentiation process that ultimately leads to the formation of multinucleated feeding cells called giant cells (Davis and Mitchum, 2005) . Giant cell formation progresses through the processes of hyperplasia and hypertrophy of surrounding cortical cells (Williamson and Hussey, 1996) . Galls serve as nutrient sinks in infected plants and cause nutrients to be redirected from shoot to roots (Melakeberhan et al., 1990) . It has also been reported that the presence of nematode infection in plants induces an increase in plant hormones (indole-acetic acid, cytokinins, abscisic acid) concentrations which can lead to accelerated growth around the nematode feeding sites (Viglierchio and Yu, 1968; Glazer et al., 1983 Glazer et al., , 1984 Volmar, 1991) .
The host status rating showed that four accessions (TSS 63, Eha-Amufu, TSS 56 and Ugbokolo) were tolerant. Eight other accessions (TSS 3, TSS 4, TSS 22, TSS 5, TSS 10, TSS 11, TSS 112 and TSS 7) were assigned the susceptible status. Tolerance in this context denotes a situation where Meloidogyne spp. reproduced freely and caused galling in the roots of African yam bean accessions (R > 1, GI > 2), but failed to cause any statistically significant (P≤0.05) yield reduction at harvest (Canto-Saenz, 1983; Afolami, 2000) . In fact, none of the African yam bean accessions qualified for the resistant status in the actual sense. This is because a Meloidogyne-resistant crop variety disallows free reproduction (R ≤ 1), suppresses formation of galls in roots (GI ≤ 2) and ultimately suffers no statistically significant (P≤0.05) yield reduction (Canto-Saenz, 1983; Cook and Evans, 1987; Afolami, 2000) . The susceptible accessions, though with higher gall index (GI), differed essentially from the tolerant accessions by the extent of yield losses they sustained from M. incognita-infection. Although, TSS 4 and 5 had higher gall indices and sustained significant (P≤0.05) yield losses as a result of M. incognita-infection, they ranked highest in terms of seed yield in the control experiments. These accessions are high yielding but for their susceptibility to Meloidogyne infection. Even though susceptible to Meloidogyne infection, they also compared favorably with the tolerant accessions in terms of yield.
It is therefore recommended that the high yield 'factor' in TSS 4 and 5 be investigated by plant geneticists/ breeders and incorporated into the low-yielding tolerant accessions to improve on their yields. Also, cultivation of susceptible accessions with other crops (mixed cropping) is recommended, as this will reduce serious multiplication of Meloidogyne species in the soil. Okigbo (1973) and Ezueh (1984) observed highest yields in African yam bean when planted with maize, yams or vegetables without linking the implication in plant nematode control. It is also known that mixed cropping discourages the rapid build-up of a single nematode species in the field environment (Ogbuji, 1979a) . The locally sourced accessions (Eha-Amufu and Ugbokolo) might have attained their tolerant status through long years of cultivation and selection in their various local environments. Meanwhile, the tolerant accessions are recommended for African yam bean farmers to check yield losses since most of the farmlands are infested with Meloidogyne species.
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